Clubbing of the fingers and toes is an inconstant accompaniment of a variety of dissimilar lung diseases such as bronchiectasis, primary bronchial neoplasms, arteriovenous aneurysms, and empyema. Its incidence, therefore, would appear to be related to an additional abnormality which only occasionally complicates these diseases.
The possibility that this added abnormality is localized in the pulmonary circulation arises from a post-mortem study by Cudkowicz and Armstrong (1953a), who noted that in different lung disorders associated with clubbing of the fingers and toes pre-capillary anastomoses between the bronchial and pulmonary arteries existed in one or more lung lobes. Pre-capillary anastomoses between the two circulations do not occur in the normal human lung (Miller, 1947;  Cudkowicz and Armstrong, 1951), but have been recognized in various lung disorders radiographically by Wood and Miller (1938) and particularly by Liebow, Hales, and Lindskog (1949) in bronchiectatic lungs. Liebow, Hales, Harrison, Bloomer, and Lindskog (1950) noted arterialized blood in the left pulmonary artery of a patient with total left-sided bronchiectasis during cardiac catheterization. Gilroy, Wilson, and Marchand (1951) found arterial blood in the pulmonary arteries of bronchiectatic lobes at operation before lobectomy. Finally Roosenburg and Deenstra (1954) , using the cardiac catheter technique, observed increased oxygen saturations in blood samples taken from pulmonary artery branches to abnormal lobes.
In the present study, evidence of the presence of bronchopulmonary pre-capillary anastomoses was sought by means ARTERY.-The procedure of cardiac catheterization was explained to the patient beforehand, and to minimize anxiety 3 grains (180 mg.) of sodium amytal were given orally one hour before study. A size 7 cardiac catheter was used on most occasions, which permitted, by virtue of its small diameter, careful placing in the pulmonary artery branches without occluding the lumina as well as sampling as far distally as possible. These distal wedge pressures and samples will be regarded as " pulmonary capillary " pressures and samples although we are aware of the possible fallacy of this definition (Editorial, Circulation Research, 1953 Samples from position (5) were usually more saturated than the samples in the other four positions.
Errors in the method of sampling from the branches of the pulmonary artery were minimized by ensuring that the catheter did not obstruct these vessels. This was accomplished by (a) advancing the catheter tip into corresponding positions in at least two pulmonary artery branches so that free excursions of the tip with each systole were visible on fluoroscop ; (b) establishing that the tracings of the pressures at these sites were similar in contour and arterial in type (Fig. 1) ; and (c) "wedging" the catheter subsequently farther peripherally until systolic excursions of the tip ceased and a i wedge pressure curve" emerged.
Pulmonary capillarv sampling, in our experience, differed from that in unwedged positions by the greater pull needed on the plunger of the sampling syringe. The ease of obtaining ample samples more proximally contrasted with the comparative difficulty of extracting fully saturated capillary samples, which frequently were of quite small yield. This difference in the extraction technique, as well as the placing of the catheter tip and its behavour in systole in the two different positions, excludes, in our view, the possibility of samples taken from proximal positions in pulmonary artery branches deriving from aspirates of pulmonary capillaries. In six cases, Nos. 5, 13, 30. 31, 32, and 33, blood samples were collected from corresponding unwedged positions in at least two lobes. In these samples the oxygen saturations were approximately similar and compara'ble with those found in the main pulmonary arteries. The finding of a higher saturation value in an unwedged position in a lobar pulmonary artery branch compared with lower values elsewhere suggests pre-capillary bronchopulmonary anastomoses in that lobe.
The blood analyses for oxygen saturation were carried out within two hours of sampling in a Haldane apparatus (Douglas and Priestley, 1948) The pressures in the main and lobar branches of the pulmonary arteries were normal in 12 patients with high saturations in a single lobe (Fig. 2) . In Cases 15, 16, and 27 the pulmonary artery systolic pressure was significantly raised in the main trunk, but fell towards the periphery. Cases 16 and 24 showed a rise in diastolic pressure 23 9 66-4 towards the periphery (Fig. 3) 19, 20, and 22 marked differences in oxygen saturation between samples taken at corresponding points in two different lobes could be demonstrated while the pressure tracings in all instances remained of the arterial type (see Fig. 2 It is not proposed to discuss the association of pulmonary clubbing of the fingers in diseases outside the with a fixal thorax such as listed by Mendlowitz (1942) , as the laries. TI variability of clubbing in common lung diseases alone poses its own problems. The mechanism of this phenomenon remains obscure, but a common denominator accompanying lung diseases which have become complicated by either hypertrophic osteoarthropathy or painless clubbing appears to be found in abnormal anastomoses between the bronchial and pulmonary arteries in one or more lobes.
A similar vascular anomaly exists in those congenital heart diseases which are associated with atresia of the pulmonary arteries and was demonstrated in a case of transposition of the great vessels in which a deformity of the pulmonary valve was also present (Cudkowicz and Armstrong, 1952) .
The identification of the vasculature in ordinary lung sections is difficult even in the normal human ner, 1935) unless the bronchial or the arteries have previously been injected ble medium too coarse to traverse capilhis identification becomes even more (Liebow and others, 1949; Marchand, Gilroy, and Wilson, 1950; Cudkowicz and Armstrong, 1953a, 1953b) , but their clinical effects remain obscure. In the experimental field the flow through the collateral bronchial circulation after ligation of one pulmonary artery in the dog was found to exceed 1 1./sq.m./min. (Bloomer, Harrison, Lindskog, and Liebow, 1949) McCluskie, 1955) , presumably as a result of the excision of both anastomoses and the tumour. In our experience the severing of the vagus, as described by Hansen (1952) , at the hilum did not reduce the measurable volume of the clubbed digit but appeared to abolish pain.
The method of catheterization of the branches of the pulmonary arteries to demonstrate bronchopulmonary anastomoses, as outlined in this study, is not beyond criticism, particularly in respect of blood sampling. Our saturation figures represent only an approximation to the truth, in the absence of a means of determining oxygen saturation at any one point in a branch of the pulmonary artery which does not require the aspiration of a sample through the catheter. Nevertheless, using a rigid sampling technique, fluoroscopic placing of the catheter tip and accurate pressure recording, we were able to aspirate nearly fully saturated blood samples from unwedged positions in lobes involved by disease which differed significantly from those obtained in corresponding positions in healthy lobes in the same patient. The inability to obtain saturated blood from unwedged positions in five control patients also precludes aspiration from pulmonary capillaries. Arterial blood sampled from a branch of the pulmonary artery through an unwedged catheter is, in our view, evidence of the existence of pre-capillary bronchopulmonary anastomoses.
SUMMARY
Bronchopulmonary pre-capillary anastomoses exist in certain lung disorders which become complicated by clubbing of the fingers. This vascular anomaly, which has been found in lungs at necropsy, has been sought in five control patients and 24 with drumstick clubbing of the fingers by 319 group.bmj.com on June 23, 2017 -Published by http://thorax.bmj.com/ Downloaded from means of catheterization of the right heart and the lobar branches of the pulmonary artery.
The pressures in the chambers of the right heart, main pulmonary artery, its lobar branches, and peripheral " wedged " positions and the oxygen saturations at these sites have been recorded.
The results in 16 successfully studied patients suggest that abnormally high oxygen saturations obtain in the pulmonary artery branches of abnormal lobes. In three instances this abnormality was present in at least two lobes and was associated with a raised pulmonary artery pressure, absence of congestive heart failure. and arterial oxygen saturations within normal limits. The significance of these findings is discussed.
